COMBINATION LOCK WASHER AND SPINDLE BEARING ASSEMBLY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a vehicle wheel end 
5 system, and more particularly, to the connection between a 
spindle and a spindle bearing including a lock washer to 
simultaneously lock an inner thrust washer and an outer spindle 
nut . 

2 . Discussion of Related Art 

[0002] Generic lock washers are known in the art. Some lock 
washers have an inwardly extending tang to engage a groove in a 
shaft to which the washer is mounted. Other washers have tabs to 
engage a nut to prevent rotation. Still other washers have a 
longitudinally extending pin to engage a recess in an adjacent 
nut to prevent rotation. However, these designs may provide for 
limited adjustment positions, may not permit assembly of multiple 
components with standard socket installation sizes, may be time 
consuming to install, or may have a keyway in the thread 
providing for lower thread torque limitations. None of the prior 
art lock washers or lock washer assemblies comprise the unique 
arrangement of the present invention. 

[0003] The inventors herein have recognized a need for a 
connection between a spindle and a hub assembly that will 
overcome the above- identified deficiencies. 

SUMMARY OF THE INVENTION 
[0004] An apparatus in accordance with the present invention 

provides for a combination lock washer and spindle bearing 

30 assembly. The combination lock washer and spindle bearing 

assembly is provided to include a spindle, thrust washer, lock 

washer and nut, the lock washer simultaneously locks an inner 

thrust washer and an outer spindle nut. The thrust washer, lock 

washer and nut may be oriented at any angle relative to one 

35 another allowing for infinite adjustment positions. The spindle 

includes a spindle shoulder and a spindle end extending outward 
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from the spindle shoulder with an uninterrupted thread 
configuration. The thrust washer is disposed about the spindle 
shoulder and has at least one outer retaining feature. The nut 

40 is disposed about the uninterrupted thread configuration and 

includes a nut body with at least one nut retaining feature and 
an inner circumferential shoulder extending from the nut body in 
direct contact with the thrust washer forming a pocket between 
the thrust washer and nut body. The lock washer is disposed 

45 about the inner circumferential shoulder and is retained within 
the pocket between the thrust washer and nut body. The lock 
washer further has at least one washer extension corresponding to 
and engaging each outer retaining feature of the thrust washer, 
and at least one nut extension corresponding to and engaging each 

50 nut retaining feature of the nut. 

[0005] These and other features and objects of this invention 
will become apparent to one skilled in the art from the following 
detailed description and the accompanying drawings illustrating 
features of this invention by way of example. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Figure 1 is an exploded perspective view of a portion 

of a vehicle incorporating one embodiment of the present 
invention; 

60 [0007] Figure 2 is a partially exploded perspective view of 
one embodiment of the present invention; 

[0008] Figure 3 is a perspective view of one embodiment of the 
invention. 

[0009] Figure 4 is an exploded perspective view of a portion 
65 of a vehicle incorporating one embodiment of the present 
invention. 

[0010] Figure 5 is a partially exploded view of one embodiment 
of the present invention. 

[0011] Figure 6 is a perspective view of one embodiment of the 
70 invention. 

[0012] Figure 7 is a cross sectional side view of one 
embodiment of the invention. 
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

[0013] Referring now to the drawings wherein like reference 

numerals are used to identify identical components in the various 
5 views, Figures 1 and 4 illustrate a portion of a vehicle having a 
combination lock washer and spindle bearing assembly 10 in 
accordance with various embodiments of the present invention. A 
combination lock washer and spindle bearing assembly 10 is 
provided to include a spindle 12, thrust washer 22, lock washer 

10 3 6 and nut 2 6 which may be oriented at any angle relative to one 
another allowing for infinite adjustment positions, at the same 
time the lock washer 3 6 of the present invention prevents 
relative rotation between the spindle 12, thrust washer 22, lock 
washer 36, and nut 26. 

15 [0014] An embodiment of the present invention provides a 

spindle 12 including a spindle shoulder 16 and a spindle end 18 
extending outward from the spindle shoulder 16 with an 
uninterrupted thread configuration 20. The thrust washer 22 is 
disposed about the spindle shoulder 16 and has at least one outer 

20 retaining feature 24. The nut 26 is disposed about the 

uninterrupted thread configuration 2 0 and includes a nut body 2 8 
with at least one nut retaining feature 3 0 and an inner 
circumferential shoulder 32 extending from the nut body 28 in 
direct contact with the thrust washer 22 forming a pocket 34 

25 between the thrust washer 22 and nut body 28. The lock washer 36 
is disposed about the inner circumferential shoulder 32 and is 
retained within the pocket 34 between the thrust washer 22 and 
nut body 28. The lock washer 36 further has at least one washer 
extension 3 8 corresponding to and engaging each outer retaining 

30 feature 24 of the thrust washer 22, and at least one nut 

extension 40 corresponding to and engaging each nut retaining 
feature 30 of the nut 26. The thrust washer 22, lock washer 36, 
and nut 26 may be at any angle relative to one another allowing 
for infinite adjustment positions and the lock washer 36 prevents 
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relative rotation between the spindle 12, thrust washer 22, lock 
washer 36, and nut 26. 

[0015] Figure 3 provides an embodiment of a lock nut 26 
according to the present invention in which at least one washer 
5 extension 3 8 comprises at least one washer tang 56 corresponding 
to and engaging each outer retaining feature 24 of the thrust 
washer 22. And, the at least one nut extension 40 comprises at 
least one nut tab 58 corresponding to and engaging each nut 
retaining feature 30. According to one embodiment, the nut tab 

10 58 is bent into engagement with the nut retaining feature 30. 

[0016] According to one embodiment of the present invention, 
the outer retaining feature 24 of the thrust washer 22 is a flat 
outer edge 64. The flat outer edge 64 is suitable for receiving 
the washer tang 48 as shown in Figure 1-3. 

15 [0017] Figure 3 illustrates an embodiment in which the nut 

retaining feature 30 is a flat surface 60 of the nut 26 suitable 
for receiving the washer tab 46. 

[0018] Figure 2 illustrates an embodiment of a lock washer 36 
and thrust washer 22 according to the present invention in which 

20 the lock washer 36 and thrust washer 22 are engaged as a washer 
sub-assembly 62. According to one embodiment, opposing washer 
tangs 56 each include a raised portion creating a pocket that 
retains the thrust washer 22 relative to the lock washer 36. 
[0019] Figure 6 illustrates an embodiment in which the at 

25 least one washer extension 38 comprises at least one washer tab 

46 corresponding to each outer retaining feature 24 of the thrust 
washer 22. The washer tab 46 is bent into engagement with each 
outer retaining feature 24. Additional washer tabs 46 may be 
provided to engage surrounding portions of the thrust washer 22. 

30 In addition, the at least one nut extension 40 comprises at least 
one nut tang 48 that corresponds to each nut retaining feature 
30. Each nut tang 48 snaps into engagement with each nut 
retaining feature 30. 

[0020] Figures 4-7 illustrate an embodiment of the nut 26 and 
35 lock washer 36 in which each nut retaining feature 30 comprises 
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an outer groove 50 and each nut tang 48 is received in the outer 
groove 50. According to one embodiment, each nut retaining 
feature 30 and nut tang 48 are configured to fit within a 
standard installation socket such as would be found on a torque 
5 wrench . 

[0021] Figure 5 provides an embodiment in which the nut tang 
48 snaps into the outer groove 50 to retain the lock washer 36 
relative to the nut 26. According to one embodiment, the lock 
washer 36 and nut 26 are sufficiently engaged to be provided as a 

10 sub-assembly 54. 

[0022] According to one embodiment of the present invention, 
the outer retaining feature 24 of the thrust washer 22 is a flat 
outer edge 64. According to one embodiment, the flat outer edge 
64 is suitable for receiving the washer tab 46 as shown in Figure 

15 6 and 7. 

[0023] Figure 7 illustrates an embodiment of a combination 
thrust washer 22, lock washer 36 and nut 26 assembly according to 
the present invention. The thrust washer 22 includes at least 
one outer retaining feature 24. The nut 26 is disposed adjacent 

20 the thrust washer 22. The nut 26 includes a nut body 28 with at 
least one nut retaining feature 30. The nut 2 6 further includes 
an inner circumferential shoulder 32 extending from the nut body 
2 8 in direct contact with the thrust washer 22 forming a pocket 
34 between the thrust washer 22 and nut body 28. The lock washer 

25 36 is disposed about the inner circumferential shoulder 32 and is 
retained within the pocket 34 between the thrust washer 22 and 
nut body 28. The lock washer 36 further includes at least one 
washer extension 3 8 feature corresponding to and engaging each 
outer retaining feature 24 of the thrust washer 22, and at least 

30 one nut extension 4 0 feature corresponding to and engaging each 
nut retaining feature 30 of the nut 26. The combination thrust 
washer 22, lock washer 36 and nut 26 assembly is suitable for 
preventing relative movement between the thrust washer 22, lock 
washer 36, and nut 26. 
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[0024] Figure 7 provides an embodiment of a lock washer 36 in 
which the lock washer 3 6 is provided to include at least one 
washer tab 46 suitable for bending into engagement with an 
adjacent thrust washer 22 outer retaining feature 24 to prevent 
5 relative rotation between the lock washer 36 and thrust washer 
22, at least one nut tang 48 suitable for engaging an adjacent 
nut retaining feature 30 to prevent relative rotation between the 
lock washer 36 and nut 26. According to one embodiment, the at 
least one washer tab 46 includes a plurality of washer tabs 46 

10 extending from the outer diameter of the lock washer 36, and the 
at least one nut tang 48 includes a plurality of nut tangs 48 
extending from the inner diameter of the lock washer 36. 
[0025] According to one embodiment, the lock washer 36 is 
stamped from steel. Torque is transmitted directly from the nut 

15 26 to the thrust washer 22, as a result the lock washer 36 need 
not transmit thrust between the nut 26 and thrust washer 22, 
allowing the lock washer 36 to be made of relatively soft 
material such as a soft steel. In the alternative, the lock 
washer 3 6 may be formed of stamped steel with a hardened washer 

20 face, while the material forming the washer extension 38 and 

material forming the nut extension 40 remain suitably ductile for 
forming into respective final shapes. The bearing assembly 12, 
spindle 12, thrust washer 22, and nut 2 6 may be made of materials 
known in the art . 

25 [0026] According to one embodiment, the combination lock 
washer and spindle bearing assembly 10 includes a spindle 
shoulder 16 having at least one spindle retaining feature 42 and 
the thrust washer 22 has at least one inner retaining feature 44 
corresponding to and mating with each spindle retaining feature 

30 42. According to one embodiment, the spindle retaining feature 
42 is a flat spindle surface 66 and the inner retaining feature 
44 is a flat inner edge 68. According to another embodiment, the 
inner retaining feature 44 of the thrust washer 22 is a keyway 
shape, as may be known in the art, and the spindle retaining 

35 feature 42 is a shape corresponding to and mating with the keyway 



6 



Atty. Dkt. No.: 60,680-637 
Dana Ref. No.: 6934 CVDA 
Express Mail No.: EU936173492US 

shape of the thrust washer 22. According to yet another 
embodiment, the spindle retaining feature 42 includes 
longitudinal splines, as may be known in the art, and the thrust 
washer 22 includes teeth corresponding to and mating with the 
5 longitudinal splines of the spindle 12. 

[0027] A combination lock washer and spindle bearing assembly 
10 in accordance with the present invention is advantageous 
compared to conventional methods of securing a bearing assembly 
12 to a spindle 12. The locking assembly including the thrust 

10 washer 22, lock washer 36, and nut 26 assembly of the present 

invention allows for infinite adjustment positions in securing a 
bearing assembly to a spindle 12. The lock washer 36 of the 
present invention simultaneously secures the thrust washer 22 and 
nut 26 to prevent relative rotation between the spindle 12, 

15 thrust washer 22, lock washer 3 6 and nut 26. Further, the lock 
washer 36 and spindle 14 bearing assembly 12 provide for a 
spindle 14 with uninterrupted threaded configuration 20, 
increasing the strength and clamp load capacity of the lock 
washer 36 and spindle 14. 

20 [0028] While the invention has been particularly shown and 

described with reference to the preferred embodiments thereof, it 
is well known by those skilled in the art that various changes 
and modifications can be made in the invention without departing 
from the spirit and scope of the invention. 
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